The Simulation and Experiment Research on DC/AC Composite Excitation MFL and its Key Technology by 柳振凉
 
 
学校编码：10384          分类号      密级       










硕  士  学  位  论  文 
 
交直流复合激励漏磁检测及其关键技术的     
仿真与实验研究 
The Simulation and Experiment Research on DC/AC 




指导教师姓名：吴德会  副教授 
专  业 名 称：机械电子工程 
论文提交日期：2014 年       月 
论文答辩时间：2014 年       月 
学位授予日期：2014 年       月 
  
答辩委员会主席：         
评    阅    人：         































































































































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：             



































































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 






声明人（签名）：             





















































过 小化振动和电磁噪声误差，得到不同尺寸缺陷对应的 佳提离取值。 









































With the increase of pipelines and steel tanks, corrosion leakage accidents 
happen frequently. The magnetic flux leakage (MFL) method is currently the most 
commonly used pipeline inspection technique. The main direction of magnetic flux 
leakage testing technique and problems to be solved are analyzed. Thus put forward a 
new technology of dc/ac composite excitation magnetic flux leakage testing to 
achieve automatic distinguishing defects of internal surface and external surface. The 
main contents of this thesis are as follow: 
 (1) The theoretical basis of new composite excitation magnetic flux leakage 
testing technology is expounded. The finite element method (FEM) and the simulation 
software are introduced. Then according to Maxwell equations, the 3-D finite element 
simulation model of new composite excitation MFL. Finally the feasibility of the 
distinction between internal surface and external surface defects is analyzed. 
 (2) The mechanism of deep skin effect in AC MFL inspection has been 
discussed. Firstly, eddy current effects of AC MFL detection was analyzed. Then, 
according to Maxwell equations, the 3-D MFL field distributions were deduced, and 
the distributions of magnetic induction line under different frequency in the steel plate 
were analyzed, thus the law of skin depth in AC MFL inspection was acquired. Finally, 
a set of artificial defects was made and the MFL experiments were performed so as to 
confirm the 3-D simulation results, as well as providing a theoretical and experimental 
basis to the further study. 
(3) Three-dimension (3-D) finite element analysis has been used to examine the 
effect of lift-off on MFL signals. Firstly, according to Maxwell equations, the 3-D 
MFL field distributions of defects were deduced. Then, the 3-D finite element 
simulation model of MFL under the vibration conditions was established in ANSYS 
and the MFL signals of defects at different lift-off were analyzed. To confirm the 3-D 
simulation results, a set of artificial defects was made and the MFL experiments were 
performed. Finally, the best lift-off at different sizes of defects was achieved by 
minimizing the errors caused by vibration and electromagnetic noise. This research 
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